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ABSTRACT : PROBLEM TO BE SOLVED: To provide a small scanning optical system composed of few 
optical elements. 



SOLUTION: The scanning optical system 10 makes a light source beam almost parallel in 
the tracing of arriving order of beams on an image surface (surface to be scanned) from a 
light source 1 1 , with a converging optical system composed of a first transmission surface 
1T, a first reflecting surface 1 R and a second transmission surface 2T. The reflecting 
deflection of the light source beam made into an almost parallel beam is performed with a 
two-dimensional scanner 12. The beam subjected to reflecting deflection is imaged on the 
surface to be scanned with an image forming optical system composed of a third 
transmission surface 3T, a second reflecting surface 2R, a third reflecting surface (total 
reflection) 3R and a fourth transmission surface 4T, and the surface to be scanned is 
scanned two-dimensionally. 
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K^-ffr*<B(6J*l9:K:*iC»-C. Jgnft©»i©kfg©»g 
50 (±*. ) ?rffJfflt>-CtS^SS*^2-rS<i:-r-2.. 
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C©£S V ISIR**3R4f T-^-9--r>0 U^XSCTS * 

tctbim, •j&t&ffic-T'&m&iibz ( o < k g i ) . 

[0 08 5] t»y= f • 2 <*, /k) arcsin (<*>/ 
<*. /k) } 

«fil*J±2Cr fflS©«te. iHftft©£SIKC*fl,-Cl£« 
f 7-W-f>6 U>X{cr 

. /k> ©«JBtt**ftl>««©*4rMffl-r4 4. 

^ifc£f T-*^>0 U>XCCT£©**g=^CSc3„ 10 

[0086] k£0. 9 5 «TCCf S £ , */(</>„ / 
k ) ©HBJBffe&i k = 1 ©*§££ aag©4i|IBaflMJ[Ti & 

o. f r-f tM>e u>x{t-r-5©**s 

[0 08 7] £/c. ISCf^^U-l-Ct 1 7%*lg 
©?7>*>yMHI#**J:5K:. j£3£3fr^tt*Jt>T 
€>«»Kj*teS©IW^*>€><ll6lll©^3P«fieffl-C^% 

imtuz. 20 

[0 08 8119 ( b ) t,CmtJ: *> tc. #Sfcfr£fii«iJS& 
AOD©<fc5fc^l2©#fl|Sl*&©iI£tt > «±©K 

[0 08 9] *$&W<Dm2 0©jfeS3te3*»tt. II, 5 

IE£iT^C££!f$8fc£-r-2>&©-C&£. 
[0 09 0] C©jfeSBfc£JRtt. fflft©3«601*SIWK: 
i§fl?L.T 

[0091] c©3fe****©ff«*6**wwr*. # 

j£££fS*§£. a^^3£tt©SmWEclfe^*1iiE«2* 
<*> 2 0, di < 1 

ce-c. »jtaBfii©*r»ifrt*isi{c*iw*«»*^* 

2<*> a £tJ-&„ 

[0 09 9 ] *'J^$7- ftwv$7-0DJ:^j; 
£31§?<Ifa^£3©«£. jfcSfcsfcS&KW s ?-©#« 
«tift*i*. . *, -c*.s>c£ccta^-r&„ cc-cm^ 
s*t 5 5 -M©>tiijjg^ft », &^acffi©4«>i>&c*tj£-r 

7-H*>6©^-rnft"C*-5 < , C©*8-£. & 
U^«|Sl^©©5St5 7-3W±*Jin-5£CO*>W 

£-C*^> 0 Sfc. S*3fcWHfl8AOD©J:5ft»fflS 50 
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^WttttiECCfci©-?. *HE*yrJl/*^A{CfT^C 
£«Blt(cfc.&. 

[0092]fC-C, H*i^ai4«tS«36^^rSiffiL 

-rs£. 3fe^**#^-c/j^!&fc©{c-rsc£*s-e*-s 
u «»wafli2*i«jE»±3t3i£*iai© i *©*«»«: 

[009 3 ] C©±1£. iE«ift«K^fr'5«I^A©« 
*a©£-t4fijffll><fc5 £-TS£> ^2iiS©jSo^©4i 
/L^ifi £ jtffiMK© S t, >fc©JM 22ttifi©j£3i iE£©il** 

fl^rfe. «&&<tlIE£lT5c£#T*&<&£. (e 

ftajs*© 8 5 %m&*i&m? s t . «Kfctffl4©»iE 

[0094] *^BJ©^2 1 ©j^^^B, ^1.5 
Xtt8©j£SE}fc3**fc:*«,>T. B?l27t<g|^#©CCckSffl 
fift*sy~TCC^bTSC£*#8fc£-r €>&©•?*.&. 

[009 5] COM&W&m*. ^IB©HtSf«3^>Ffl6 
(«affMfcM**fliE*tfiH33at« 1 . 2. 4~B 

[009 6] C©j£S^»©flyBS**4t!M3T*. Is] 

Sift 5 7-) *«*.«. 3fc«fil#»"Crt*fc 

ffllfllft*Wfii!r*, ^27t^©Hft^#<T-5»C£ 
C©£*. 3&6***©IS«*^3fi* fflu 

[009 7 ] *^BJ©SI2 2©^fi7t^«, #1.5 

x«8©3fea36*»{c48i>T:. ffretsi^^. 
*«ar4c£*«F«ir4fe©r*4. 

[009 8] 

• • • (1) 

(09) . C©ft«*WRB. ftgB©!»kffl 

i~6^*fic.-rs. 

[oioo] c©«aE*9t*©ffi«»**ttwr*. ^ 

'J ^55- 3 9-©«t 5 ttR«ffi©*«|$I 

*a*«ffl0te«^riWWi-5 (HQ (a) ) . 

*«ifii*a©>t»asnft35** «Bisjft*s2*) ©£#, 

*Wft*^3R©3ta*Bft*i0ir*. C©£#, ffi&tt 
Ktow 4 . IS«*^*©«ffi* = 2 0 / e r * S. 
[oioi] i6fl^»«Wtt(cHr«M«sii« i ffi/c 

•€-©*t«PSrt©*rffl^L/-C^4£ > *S«^ 
»©«fHSfe**iai±0. ax h fcT*i4©"C»* U». C 

©js^. ffJt»;«;Kre>Ftft;S£aii:^rsiBJAiiift : &«i« 

l/^rv>©T. C©*lfiJ* 1^7CjjaE*^»©*3lE*l*I 
**lr>B2 ^7CjtaE**»©a3SliIft ©^ * l «c r 
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[0 1 0 2] *C"P. ttftX9X*1l<C>3l*'Cl>S2ffi] 

[0 1 0 3] rtttoft. %£*M£?«C±#fl£L 10 
[0 10 4] 

i >^Brt©Mtt*/#fM±eftm^©iHffi* * 

NA2/NA 1 > 1 
363e**^©AI«-* N A 2 . JfJttKBU 

[0107] C<0*2^»». &IE©j|S601 1 ~6 
StJ^-TS. 20 

[0108] c<bM&ft¥m>ftm$mzmi?2>. m 

SKtt. 3fc«fa#K©Wj£3fefrl6j©^-ffift£j£*#lSj© 

[0109] *«*»Lfc**t. jfeS*S«:*Jt,»T±IB 
JBtttcfcSfca&Oct*. sfcfrs*; (2) 4SSl-fcS« 

[0110] 30 
[0111] «T©»H"CB. X*iai*±jtS*lfi). Y 

[0112] siittM©a!XitiaBrc©ttS''(9y>-» 

». 0i(c^TJ;^cc. ffijfciiiilgrc. *Lk£#*ii 
[oi i3] ti/t, ja£jt«Riks3F fc*? «, »-c . asfii^ift® 40 

lSl*Z»jSfia]£U «1W>6^10©I114 
TKfta>5#ft£Z«lIE#fi£U C©Z#<bJ*5t5fffi 
tf'C^^Tffi^Y-Z^ffi (Ell©®) il, H** 
ffl*3 Y-Z¥ffi(Ci£^l/, «Effl©#BU^6S^(6]CCrSj^ 

95W*i*xiiiE3sn*iii/. x«. zw£«#ia%ffia% 

*««tStl*Y||itS. 01KB, C©£{RKg|9 
^0T*&„ -5-©ffe©HS6W ; &^-rS4~S8{CO(,>-C 
». C©ffitt»©H^tt*<. 50 
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= (2*, /6>, ) / (2*, /£>, ) 

«H8^»©»ttKi«ir**H*iB*iai*aiijtSB&iaj. » 

3*36*1*] <b BJjtSE*l5l©*6«36^*©»<Bfifi*« L < "f 

scctt. 7fe{ii6j^ia©iij^3£*r6j©^-^^i^a*r^© 

£(C\ iSS^5£^gi^S©^S*l6]©^-ffi^/h§ 

[0 1 0 5 ] ##£i}lj©S&2 3<DMWtmmU. SS2 2© 
mgift^mcto^x. KT©*fl=«*SME-*-4Ci*W 

[0106] 

• • • (2) 

[0 114] <Bd>n(COl>rtt, ±fB&tt?^©M.£> 
6, ■e©ffl©M«aS©(S'C* (Xf**[a|. Ytt*[Sj. 

zift^*-etx-etix, y. z> i. *©e©*<i># 

(@M»"l>tli, BgfB (a) 5£©Ztt) ©Xfft. 

y#, zw**i-e*i*iw>&-ra«*a (-en-ena, 

(3, t C ) ) i^^ntl,^. fcfe. ■€■©»£. 
a <!: (3©JE»-e-n-?n©l4©iE*r«lK:*tl/TSB#tH51 0 
T©iE«Z»©iE*l6lK*fL/-C^FSHgi5*Si*-r 

[o 1 1 5 ] mmw i ~6-cii. c©Y-zfirtts 
ffi©®c^tf^rteo. s/c, &@«#*ff*a*ftffi© 

(oneiifc. «(a6w©3fc^£*fi5-r43&S6fls 
ffl®©*> #«©ffi (Mis^t?. ) t^tncm<m 

[0117] s/c, ^^-cm* 6ft* Sift®©®© 
eifts©tt<tfts. 

[0 118] DOE (HJr*^*?-) JCOV»r 

tt. »H«_il/-C SweattS (SW/ItlT**) ^ffifflL, 

(W.C.Sweatt, "Mathematical equivalence between a h 
olographic optical element and an ultra-hiqh index 

lens",3.0pt.Soc.Am,Vol .69, No. 3(1979) ) , SVii&g 
= 587. 56nm (dijSD il, -?-©Si£$gfC*sW 

*iHi«B*r*i' >*©«*?*= iook t ?-q&= - 

3. 45il/c. 

[0 119] ^-^©fBiSStt-t^ft^g&ffiffi 
KlH-r-S.WBO-C*^., JBSf*«:-X>-Ctt. d« (?&g 
5 8 7. 5 6 nm) «:>Ft-r4^© ; &«IB0T*-5. S3 
Offfiimm, ftffi©m{4«" 

[0120] Jlfc. SSft®©ffi©SilS;<!: L-C, «T 
©(b) 5£-C#x.<E>ft£Z emik e^S:*2&4o 
C <DM<DBm*&LT<D3ZK. J; 0 ^H^- 4„ -e©^S^© 
ZWZern i k e^S©«l<!:ft4. ®mmmm 
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n$n. Ai*x-Yfflrt©ztt*6«5)re«. Rtazwa* 

x = RX C os(A) 
y = RX S in(A) 
Z = D, 

+ D 3 Rcos(A)+D« Rsin(A) 
+ D S 
+ D, 



[0121] 
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sin(2A) 



+ D„ 



R' cos(2A)+D 6 (R 1 -1)+D 7 R' 
R J cos(3A) +D, (3R J -2R) cos(A) 
+ D,„ (3R J -2R) sin(A)+D lt R J sin(3A) 
R 4 cos(4A)+ D 13 (4R* -3R' ) cos(2A) 
+ D 14 (BR 4 -6R' + 1 ) +D 1S (4R 4 -3R' ) sin(2A) 
+ D 16 R 4 sin(4A) 
+ D,,R S cos(5A) +D 18 (5R S -4R 1 ) cos(3A) 
+ D 19 ( 1 0 R' - 1 2 R s + 3 R) cos(A) 
+ D I0 ( 1 OR 5 - 1 2R 3 +3R) sin(A) 
+ D !3 (5R ! -4R 3 ) sin(3A) +D,,R S sinC5A) 
+ D„ R 6 cos(6A)+ D, 4 (6R* -5R 4 ) cos(4A) 
+ D t s ( 1 5 R 6 - 2 0 R 4 +6R' ) cos(2A) 
+ D !6 (20R» -30R 4 +12R 2 -1) 
+ Dz , ( 1 5R' - 2 0 R 4 +6R' ) sin(2A) 

+ D !t (6R 6 -5R 4 ) sin(4A) +D J9 R'sin(6A) 

• • • (b) 

[0123] Z = 22C„.XY0!liL>-C, k = 7 <7-X 
II) mSIUct9, y.T<D3K,~emitZ. 

[0124] 



, , D s . Do . D 10 0, D„. Dn , D 13 . D 14 . D 

[0122] *:<Dm(DWOm± IT. ^©JtUSC ( C ) 
Z = C 3 
+ C 3 y + C, 



+ C S 
+ C. 



+ C 6 
+ C, 



y* 

+ C„y 4 + C„y 3 
+ C„y ! + C„y 4 



x I 

y I x I +C 7 x 1 
* ' x I +C,„y x J +C lt I x 3 I 

x I +C J4 y' x J + C ls y I x 3 I +C 36 x 4 
x I + C 19 y 3 x' +C 1< ,y , I x 3 I 



+ C J3 y 6 +C J ,y i I 

+ C 3 .y' +C 31 y 6 I 
+ C 3< y 3 x 4 



iit»tt^3nti,^*i, ±mr (b) ss, 
[0125] (mmm 1 > c©*tt«©j£s#5*»©# 

0) £S 1 tC^-T. C©^2Bfe^©*¥Hift5 4' . 
SIIft4 2' fifeO. 3tlBlS]#l9:©^*3Ji<f> 1 mm 

[0 12 6] C©j£aE***l 0©«WSB. 



+ C 21 y x 4 +C 2l I x 5 I 
x I +C liy 4 x 3 + C I6 y 3 I x 3 I 

+ C, 7 y' x 4 +Ci,y I x s l+C !9 x 6 
x I +C 31 y s x J +C 33 y 4 I x 3 I 
+ C 3i y' I x ! I +C 36 y x s +C 3 , I x' I 

• • • (c) 

-e » i'nl C t~C. ♦6«W^Jfi©ljW5r© 1 m©tiS© 
40 ^£®Ki(&&LM^S®£2^^ST£t>©T-* 

[0127] toym&yt^m 1 0©*5§«. %M 1 1 

13HI1B1T, JUlEStBlR. »2a«ffl2TntfiR 

fr&cc $ nfc*«jttt. 2 ^tcx + + ti2 -cEMffliSi 

ZtiZ. K»«ffl3tifc36t*. S3I1I3T, fjf2S 
*fffi2R. $3 £9*9 3R. ^4i§jliB4T 

50 ®*2^7U^S-rSo 
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[0 12 8] %m\ 1 tLX. LED. LDWWt 
T. WA«5 0 0 n ratTF©^©*^** 

zmfo? v x a 2 i l ym ?' x a 2 2 ©jg^ffi&c 3 - 

7W>fL.. gifegft. W*.tt6 0 0 nmJiLt<D:£££ 
yf>% v-2 5Mft^''MA/)^ 
&£ftjS7'VXA2 2 i*?!S^yXA2 3©Jg£E5C=i 
— yw>^l/Tt,>£«, fLt. Bjfcjgl 1 B . R«l 

i„ . G*»i i 5 4. -en-en7t)SxyxA2 1. # 

?®7*';XA2 2. *?S7 , 'JXA2 3 ©-tft^tiojfcgfc 
M>T«3fcgffi©fc.3£ft&&{igfc85iL,. 

[0 12 9] COflDSCCfcO. RGB**S«*¥»1 

^o^c>RGBffl«sr«a»iKj:o. w&mmcm 

[0 1 3 0] (2^C7cX + f i-) 12iiri» 

2022 6#-epi^$n-rt,>.5J: i 5&v-r {-a?^ 

[0131] c<Dm^. mmmtt. mmmmtt, 
imow-ffimzmstefn-?. coym-ete, s -5-353 4 

£ YWjfattmtfZ b -f a 3 3 X'$m&3 2 CC 

iS*SU -€-©tpK1^3 2*X«|^|fiJK@D f S h-->a> 
A- 3 1 -C^3 OtejSJgLT. 
H0r©fil»icJ:D*¥^2 (X#[Sjt£2) . h-^3 

[0132] -®cc, ix.mwzmmwft-?®&2>mm 
3 K^-r j: 5 ft •? ■< v a •? x * -r\tmm^ 1 ® 

[0133] C©fclt=J, SWffi©««ffi^^f^tt±^ 
^©AIW 6 s ^^SSSTS C ti)m* 
[0134] 0s^45" 

C©£H$©_hl!B©4 5* £i&*U.££. [5)i;#*&J5l*il 
frf 5!Wffi©ffi»#A-£ <&£©-?. 

t&j-ctt. 0 s = 2 o° 

[0 13 5] iESMKMISitax + tt© 
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[0136] C<DmWm<OM^:^?k 1 0 ©=fiJ*{C-3(,> 

-cswi-r & . 7 »; x a spm i o © i mvm%dt&3k t m 

jS»*«f*L/. *Wftjw/haft. fiaxutt?**. s 
fc. gi5 n a D.^*^^^©-c{4gi!i^m^fflii-e*. h 

io [ o i 3 7 ] * fc. i @5ftf . «iflt^% 

©-C. JfDS*©5»m{C<fci53t^*/J^t-C#Tts 
£. Sfc. tt3£?Sl 0©^fc4/t-7-*SS*B*»J* 
*30T. feflX^©#g4*^^<, LD%7t©£UfcJS^ 
rfcLD©«»a»K«fcSj£aE3&9tJRl 0©^ttffi© 

r iia^^-fPii^fSSWI (^JKWiB) 3R© 

20 [ 0 1 3 8 ] *fc. S»ftffl42!jafPffl*K{*a43IMHffi 
2T (3T. 3R) *J*S©r. *^»*fltfiSr*ffi» 

[0 139]ifc, ^ii^SttfcMUT. 

30 [0 140] 2^tfK!£^j:^+t>5 7-120 
^flftii. *x = ±7. 95° . *y = ±3. 2 0' "C 

6 5 %fia*c*f lt^M?^* 5 fT-^-y-W>e>u> 

^CiJ&J-ct^ (X^©X+ + >5^-8gnft*x = 
+ 12. 2° ©®&s©6 5%*i. X^(S]©^S(C^)5: 
5-7-}Iilft*x= ± 7. 95° „ Y^fSl©X+f> 5 
7-Jinft*y = ±4. 9 3' ©ii©6 5%*5, Y# 
|fij©^S«:£>g% s 5 -Minn <t> y = ± 3 . 2 0 

40 * . ) . 

[oi4i]^t>57-i 2<Dm^m^mmmm 
e©*§-&. i«m*f t-*-9--y> 6> u>xtcr ^ 

H*4s4»*i*4. *H)I6PI|©J:^{C, ««**3Rcwe^ 
^•7-Wf5IO+ife »tSI»1 4 T 4 iii® ft 

m©^©#ttf / pfflffii-r^cir^-< ^ F-^3>©ffl 

[0142] «F«*^*«: J: 
50 ^2«=&^iI^2»{c^»5-r?>*mW'SIR^*ffliE (* 
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+t>57 - jsftft # y c 7 ic^^b-r s x + + * tmm 

[0 143] ttc, «*36^5fi{cK-AS»«|fi*j#A: 

^mo^tmmNAit. xjjfa&o. i6. y^^o. 

1 

[0 144] ^"t. C©»igfll©^{tot,>-Cii^S 
i. CCtlJ, *tS^agl 1^2^7U^^ + >-T-5Ci 10 

teX + + >T& J; 5 K Lt £ 
[0 145] iifc, CC-CB^++^-©X*(nj©^ffi = 
Y^lfilOTfffiiorBHH-itf-oTl^j&s. MjESSfiOJT 
©X5SFfiJ©a»i»4 Y3£n*J©:»»fi6*^L < -f £3?©fc 
&fc:X+-t>7M 2©X*[6j©^^Y*[S]©vt^t IT 

[0146] (^S6W2 ) comt&mvM&x&mvm 

5 4° . SfiBift 4 2 * 20 

[ou7] c ©jes*** i o ©{*«». mmm 1 1 

m©H?^© 1 m©till©*j^ffi(C|S#^tfc£S£ffl* 2 
[0148] C©**^* 1 0<Dftmt. ttll*> 
liBilffilT. jfflJRftBBlR. Sf52jgjtffi2TT'fl|J& 

?ttWc § ntcytmrnt, 2 yes** tti2 -ck*hbisi 

«I2R, *3JS*fS <±K») 3R, IH4igjgB4T 
ffi*2^7C^2^^> 0 

[0149] C©H^W*. 396011 J: 0 tT-9VA 

JMIrrs** + >5 v-i 2 tc>rtu-c. x#Gk Y^(6] 
S^+t>55 -]BftftiBtB©tt 7 0 %CC*f bX f T - 

^-y-^x? u>X!f#tt£j$-o 0 40 

[0 150] Sfc, f ^[-^3>%3>bO-JH 

[0151] <^ss^i3) c©**w©j£aiy&¥*©is 

1 4 |SH$©E£H 5 tc^f. C ©jfcaE3fc^J&©*¥i8fll 
54° , SjSH£4 2' #flSlfiJ*I»©*:&3tt 
1 mmtiS, 

[0 152] C 1 0 ©8tJ&B. 1 . 
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* 2 ^**-r & ©t-* 

[0153] c©^^^ 1 oomm> %M 1 1 #> 

6H^l/ttC»*BB (tttetffi) «ciUSW3e«ii»°C. Iff 
ljBiiffilT. 91SMD1R. ^2@3a®2T-C^ 
3 ft <fc 9 #*3fc jWBWffK: 3 ft & „ B§¥ 

ff*(C $ tlfc*jSi*» . 2 #5g* + ttl2 -CJgj^dffe] 

sns. s»«rai3tifc*«. ^3^ass3T. ^215 

S1M2R, f3S*II (£KW) 3R. ^4jS«B4T 
$ ft &#S«efe^*«c <fc 0 tfcfeSEIi-Ctt* L tfcfe* 
H£2#:rci£3E-r£. 

[0154] Cfl^aftWB. ElE^ffi^ (tf 'J 3>) © 
J;^(c<BfBlft*iy-TK:^bTS{i|ai^Sl 2**6-3*: 

f 0 b>X (X3S|fil©ijME*|flI. Y^|6j©giJ^2^fSj 
{CWr42^*7cf 0 U>X) tcl,7!:*>©r*S. 

[0155] (mmm 4 ) c©n%{^©*a^^©ia 
1 tmmvmzmeicm-r. c©j£SB&3**©*¥Hfl 

47' , Mi£iiift3 6° ^fB^®©A#3« 

* 1 . 1 mmfifiS. 

[0156] C©jfeSE#¥X 1 0©«sStt. XttW 1 - 
3©@2gK*J^T, X'jXAlOi^ + ttl 2 ©HBOC 
DOE (@3H&5SjfS?-) 1 3^1EgUr^-S4>©-C* 

DTisn ^jssaii t> . mmmn icm c tc 2 #to£ 

© 1 m©{fLK©«bt3E9(c|6flt Lt^fiffi?: 2 ^7C*S 

[0157] com&ye&m 1 o ©*?§«. 7fe® 1 1 ** 

1 SMS IT, H2jligffi2T > ^ + 

+ 7" 1 2ff©mKH*rni 4«RttfcDOE 1 3-C»fi8 

sw«isi$n/c7fe«> + 2§j©ffi&c[p] 

Jrffll 4 4»tffcDOE 1 3, I3SIE3T. W>1K 

*fM2R, 03^*f® (^sw> 3R. m4mmw4T 

S*2;X7c^re„ 

[0 15 8] C<C^atW«. 7*'JXA 1 0 £^++7" 1 
2©H(CDOE 1 S^riegU^ jt*3fett3R©eiR36*:» 
iEL/c4>©-C$>i7, **1 l*»6*MHtai«:rti*»9«* 
flBBttr. *7t*^*^Wtiib-r^ + f ^ l 2^ip 

■C, DOE13©ffI4fW5<fc7KUl^„ 
[0159] fete. ' 2^7C^+f7 u 1 2 4 LT"?-f 5> a 
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